Human-wildlife conflict (HWC) is a growing global issue that seriously threatens agricultural production and livelihoods. Studying the relationship between wildlife damage, land use, and livelihood enables us to understand the dilemma facing current wildlife protection and ecological restoration policies and to amend existing policies effectively. Using participatory rural appraisal (PRA), quantitative analysis, and a Multilevel Logit regression model, this paper analyzed land use and livelihoods among 160 households subject to wild boar (Sus scrofa) damage in four villages within Youyang County in the poor mountainous areas of Chongqing, China. The findings showed the following: (i) wild boars in Youyang County were responsible for large-scale crop and property damage; (ii) cultivated land abandonment has become a significant trend in land use, and the most important perceived driver for abandoning farmland is the land plot's vulnerability to wild boar damage; (iii) when protecting cultivated land plots, households tend to protect those plots that are close to the road, have larger land area, and have a slight or abrupt slope; however, households with more members working in non-farm labor, more female agricultural workers, and/or higher non-farm income are more inclined to abandon protection of their plots. This paper discusses seven main measures that are frequently adopted by farmers to protect their crops and livestock and are perceived by these farmers as the most effective and sensible countermeasures.
Introduction
Human-wildlife conflict (HWC) has increased in recent years, becoming a major worldwide concern (Distefano, 2005; Madden, 2004; Messmer, 2000; Osborn and Parker, 2002; Thapa, 2010) . HWC has significant impacts on land use practices and agricultural production. For example, in Asia, snow leopards (Uncia uncia), lions (Panthera leo), leopards (Panthera pardus), tigers (Panthera tigris), wild boars (Sus scrofa), and elephants (Elephas maximus) are often regarded as destroyers of livestock and crops. Local farmers have suffered major financial losses annually due to crop damage by wildlife (Distefano, 2005; Madhusudan, 2003; Sekhar, 1998; Sreekar et al., 2013; Yu et al., 2009) . Inhabitants who suffer from wildlife damage around the world often take measures, using both indigenous knowledge and modern technology, to protect local farming (Hartter et al., 2011; Hough, 1993; Thapa, 2010) .
In the context of HWC, numerous studies attempt to better understand the relationship between wildlife and livelihood security. The themes of these studies can be generally divided into two important categories: (i) the damages to crops and loss of livestock caused by wildlife and the effectiveness of countermeasures taken by individuals or households (Hough, 1993; Messmer, 2000; Thapa, 2010; Wang et al., 2006) ; (ii) the gap between wildlife protection polices and livelihood, and how to design compensation schemes to protect farmers' rights of development (Madhusudan, 2003; Rondeau and Bulte, 2007) . However, very little research has been done on the connections among wildlife damage, cultivated land use, and household livelihood that could contribute to further thinking on current wildlife protection policies and ecological restoration policies.
Although the causes of the wild boar problem in China are still unknown, wild boar populations are now overly abundant in several provinces, resulting in damage to agricultural crops and local livelihoods, and raising concerns among agricultural producers, wildlife managers, and natural resource professionals (Cai et al., 2008; Li et al., 2010a Li et al., , 2010b Zhou et al., 2008) . Restricted by wildlife protection policy, limited technology and knowledge, and the lack of a compensation scheme, farmers find themselves in a vulnerable position with regard to wild boars. For instance, in China, the State Forestry Administration (SFA) has published two documentsdWildlife Conservation Law and Lists of State-Protected Terrestrial Species That Are Beneficial and of Important Economic and Scientific Research Value in 1988 (first amended in 2004 and again in 2009 and 2000, respectively (Li, 2007) . In this context, killing and injuring of wild animals listed in the protection index is prohibited. Furthermore, there is no compensation policy with respect to HWC in rural China, where small-scale farming plays a significant economic role. Just as in other countries, Chinese farmers protect their crops using indigenous knowledge and methods; for example, increasing the number of people patrolling a field has reduced the incidence of wild boar damage around a giant panda nature reserve in the Qinling Mountains in Shaanxi Province, China (Cai et al., 2008) . In Eastern Liaoning Province, farmers there use traditional, non-lethal measures to prevent wild boar damage, such as setting off firecrackers and patrolling at night (Yu et al., 2009 ). However, other traditional methods, such as lethal hunting methods, are banned by wildlife conservation guidelines inside a nature reserve, though local people lack broad knowledge, technology, and equipment needed to deal with wild boar in alternative ways (Cai et al., 2008; Dickman, 2010; Osborn and Parker, 2002; Thapa, 2010) .
In China, dominant off-farm earnings and lower profits in agricultural production make farming unattractive to most farmers. Nowadays, more and more agricultural laborers migrate to seek offfarm employment, which has resulted in a labor shortage in rural China (Knight et al., 2011; Zhang et al., 2011) , and cultivated lands, forming the basic cultivation for food-subsistence, are left to women and elderly people (Chang et al., 2011; Lichtenberg and Ding, 2008) . From 2008, the wages for off-farm employment increased quickly, which has even attracted women and elderly people to seek off-farm employment. The farmers now face the choice between protecting cropland from wild boars and seeking off-farm employment. If they choose the latter, they are inclined to abandon croplands.
There are numerous reports on the theme of "wild boar invasion and human retreat" (Cai et al., 2008; Li et al., 2010a Li et al., , 2010b ; however, there is a lack of empirical information and research on the connection between HWC and land abandonment at the microlevel. The goal of this study is to present an empirical study of how increasing opportunities within the labor force will drive local farmers to stop protecting their crops and abandon their cultivated land that has been damaged by wildlife.
Materials and methods

Study area selection
Youyang is a National Key Poverty Alleviation County and belongs to an ecologically fragile zone (Chen, 2009; Editorial Committee of Chorography of Youyang County, 2002; Editorial Committee of Overview of Youyang County, 2008; Hua et al., 2013 Hua et al., , 2014 . Youyang County lies in Southeastern Chongqing (Fig. 1 ). Its geographic coordinates are 108 18 0 25 00 e109 19 0 02 E, 28 19 0 28 00 e29 24 0 18 00 N, and it has a total area of 5159.3 square kilometers. There are three types of landforms within the county: middle mountain (800e1895 m), low mountain (600e800 m), and trough valley (263e600 m), each accounting for approximately 54.86%, 21.14%, and 24% of the total land area, respectively. Youyang has a four-season humid monsoon subtropical climate. Topoclimate is quite prominent in this area. The annual average temperature decreases from 17.1 C in the lowlands (263 m) to 8.1 C at the highest point (1895 m). The county has jurisdiction over 38 towns and 278 administrative villages, and the county seat is located in the town of Zhongduo.
We chose two townshipsdMaoba and Muyedas the study area due to their severe crop loss, such as maize, damaged by wild boar, based on an early household survey (Li et al., 2014) . Maoba Township is located to the North of Youyang County. The township is 38 km away from the county seat, with an elevation of 703e1540 m and a total area of 143 square kilometers. We selected Tiancang Village and Shuanglong Village as sampled villages in Maoba Township. Muye Township is located to the northeast of Youyang County. The township is 61 km away from the county seat, with an average elevation of 850 m and a total area of 130 square kilometers. We selected Li'er Village and Dabanying Village as sampled villages in Muye Township.
Data collection
We carried out a tracking survey in August 2013 based on a household survey conducted in Youyang County in July 2012 (Li et al., 2014) . In the previous survey, we found that human-wild boar conflicts perceived by farmers were very serious in the sampled villages (Li et al., 2014) . Hence, we designed and conducted the supplementary investigation. Our study adopted participatory rural appraisal (PRA) tools including in-depth interviews, focus group discussions, and questionnaires. First, we performed in-depth interviews with some informants, including heads of administrative villages and natural villages, elderly persons, and township officials. These in-depth interviews mainly focused on the overall conditions as well as changes of livelihood activities, cultivated land use, and the main crops damaged by wild boar in the areas. In addition, we gleaned some information about the amount of residents who suffered great loss by wild boar damage in the study areas in 2012. Second, we conducted focus group discussions to obtain information such as socioeconomic conditions and institutional backgrounds, farmers' perceptions on the crop damage, cultivated land abandonment caused by wild boars, and the means of protection taken by local farmers. Based on these two methods, we obtained a general understanding of our targets at the village level, which was helpful in conducting household surveys. Third, we developed a detailed quantitative questionnaire using preliminary information gathered during the first two stages to obtain information on the following two topics: (i) crop damage and cultivated land abandonment, and (ii) the means taken by farmers to protect their crops. The survey contents included basic information of investigated households, such as family size, education level, and allocation of labor force; land use, including land area, type, and grade, as well as cultivated land abandonment and "Grain for Green"; and crop damage and land abandonment caused by wildlife, and the means taken by households to protect their crops. The main respondent was the head of each household, with other family members providing supplementary information. The interview time for each household was 1e2 h. We performed the interviews separately by two interviewers. In total, we selected 160 households randomly from four administrative villages (37 in Tiancang, 40 in Shuanglong, 39 in Li'er, and 44 in Dabanying).
Statistical analysis
Wild boar, showing remarkable flexibility in its ecological and behavioral traits, almost always are active at night when human presence is low (Li et al., 2013; Ohashi et al., 2013) . Therefore, we presume that all cultivated land plots are faced with wild boar damage during the overnight hours. When analyzing the cultivated land plots protected by farmers, we explore why some land plots are given priority to be protected, while the others are not protected. The decision to protect the cultivated land plots from wild boar damage is plotted as a binary outcome model. We analyze the data as follows.
(1) Dependent variables: The decision to protect land plots is a binary variable; for this reason, we define the dependent variables as P ¼ 1 (to protect land plot) and P ¼ 0 (not to protect land plot).
(2) Explanatory variables: Explanatory variables mainly cover the characteristics at household level and land plot level ( Table 1 ). The household level variables include total labor force (Labor), nonfarm labor force (NfLabor), agricultural labor force with good health (Health), females in the agricultural labor force (Female), non-farm income (NfIncome), the age of household head (Age), the education level of household head (Education), and the cultivated land area per capita (AreaH). The land plot level variables include land area (AreaL), land type (Type), land grading (Grade), irrigation conditions (Irrigate), the distance to the house (Distance), road access (Road), access to forest (Forest), and perceived slope of land (Slope). (3) Multilevel logit regression model: The Multilevel logit model specification follows research by Overmars and Verburg (2006) . In this case, we apply the models with two levels: level 1 data refer to land plot characteristics and level 2 data refer to household characteristics. The subsequent models are fixed effect models, with the following two levels:
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We performed the analysis with HLM 6.08 Trial software.
Limitations of the study
This paper makes an important contribution to literature on the connection between wildlife damage and land use; however, there are also two main limitations. One is the limitation of cross-section data. The appearance of wild boars is uncertain, and the number of wild boars in a given area and that affect a specific plot of land are difficult to estimate. For these reasons, it is difficult to reflect the trajectory of cultivated land abandonment caused by wild boars and the associated increase in labor, in terms of time invested. Another limitation is that it is difficult to distinguish the driving forces of cultivated land abandonment and identify the most important factor from households' perception by using quantitative measurements. This type of data, however, is crucial to future policy-making for land use decisions in mountainous areas.
Results
Background of the sample households and land plots
In the study area, a total of 160 households were investigated, including 656 individuals, of which 362 were males and 294 were females (Table 2 ). In terms of labor allocation, agricultural labor contains the largest number of people, while part-time farming contains the least. In addition, more laborers engage in non-farm activities, such as migrant work, than in business enterprises. In terms of land plots, we divided the sampled plots into three categories: land plots under the "Grain for Green" policy; abandoned land plots; and land plots currently being cultivated. Cultivated land abandonment is widespread in the mountainous areas of this region. The average land area owned by each household is 9.73 plots and 20.23 mu (1 ha ¼ 15mu); however, the average cultivated land area per household is only 5.44 mu. To an extent, this indirectly shows a high level of cultivated land abandonment; furthermore, cultivated land plots are often small and fragmented, with an average grading of 2.28, which is between 2 (good quality) and 3 (moderate quality).
Crop damage and cropland abandonment
According to the answers of interviewees and the recent published empirical findings Li et al., 2014) , wild boars in Youyang County were responsible for large-scale crop and property damage. Table 3 shows the extent and costs of crop damage caused by wild boars. There were 335 damaged cultivated land plots, accounting for 47.86% of total land plots, among which 175 were damaged by wild boars, which accounted for 25% of total cultivated land plots. The average area damaged by wild boars per household was 0.95 ± 1.87 mu, accounting for 22.80 ± 0.30% of total cultivated land plots. The serious human-wild boar conflicts resulted in significant property losses for the sampled households. The average cost of the damage per capita was 173.92 RMB Yuan (according to Chongqing Survey Yearbook 2012, the net annual income of rural residents per capita in Youyang County was 4539.37 RMB Yuan).
Cultivated land abandonment has become a significant trend in land use. In terms of the types of abandoned cultivated land, the number of abandoned dry lands was nearly three times that of abandoned paddy lands (Table 3) . Fig. 2 presents the perceived driving forces linked to cultivated land abandonment. The most important driver for abandoning farmland is the land plot's vulnerability to wild boar damage. Other causes include increasing forest area due to "Grain for Green," "peer effects" in abandoning land use (one abandons his farmland following the others' abandoning), etc.
Measures to protect crops
Maize, sweet potato, and potato are the most popular crops grown by farmers. However, these crops are also favorite foods of wild boars. Faced with the dilemma between wild boar damage and agriculture production, farmers have to devise adaptation Notes: Land plot abandonment may have more than one reason. For example, a farmer may abandon one land plot because of both labor shortage and long distance to home. Therefore, the total numbers shown in Fig. 2 are larger than that of the total number of abandoned cultivated land plots.
strategies to protect their crops (there were 250 protected land plots), since hunting as a means of wild boar control is forbidden in China. There were four commonly used methods for crop protection ( Fig. 3) : (i) Building tents: Some farmers build tents a in which they can protect their crops at night. Farmers stay in these tents from 8:00 pm to 6:00 am the next day to guard their crops, from June to August for maize, May to September for sweet potatoes, and March to June for potatoes. This method is effective, but results in fatigue of the farmers; (ii) Scaring devices: Firecrackers, fires, scarecrows, ox horns, and loud speakers are used by some farmers to scare wild boars; (iii) Planting herbs or tobacco: Wild boars are sensitive to the smell of tobacco and certain herbs. In the study area, some farmers rented adjacent land plots to plant tobacco, and wild boars rarely appear there; (iv) Using barbed wire fencing or net wire: Although it is effective, it also presents a danger to domestic livestock and farmers themselves at night.
Econometric results
The study result shows five out of the fourteen independent variables significantly influenced the protection behavior taken by households based on a multilevel logit regression model. The factors influencing the adaptation strategies to human-wild boar conflict are presented in Table 4 .
At the household level
There were three main factors influencing protection behavior at household level: (i) Non-farm labor force: The increase in nonfarm labor force has negative effects on the protection means taken by farmers; for example, households with more non-farm labor forces tend to protect their land plots less; (ii) Female agricultural labor force: A greater number of females in the agricultural labor force can have negative effects on the protection means taken by farmers; (iii) Non-farm income: The non-farm income per household has negative effects on the protection means taken by farmers, and is often correlated to non-farm labor force.
At the land plot level
There were three main factors influencing protection behavior at the land plot level: (i) Per capita cultivated land area: This can positively influence the protection means taken by farmers, as farmers tend to protect land plots with larger land area per capita; (ii) Road access: Being close to a road has significant and positive effects on the protection measures taken by farmers, as wild boar tend to avoid areas with high human activity; (iii) Perceived slope of land: The perceived slope of land significantly and positively influenced the protection measures taken by farmers when it was away from forests (i.e., wild boars' natural habitat).
Discussions
Wildlife damage and rethinking current policies
We found that overly abundant wild boars were responsible for crop damage, which inspired us to rethink the current wildlife protection and agricultural policies. The World Wildlife Fund for Nature states that "one of the simplest ways to mitigate conflict without affecting elephant behavior or population size is to compensate people for the damage they have suffered or would have suffered had they not protected their crop" . Numerous compensation and insurance schemes have been implemented to address conflicts between humans and wildlife (P erez and Pacheco, 2006) , some of which have achieved relative success, such as a reduction in killing of lions and elephants (Dickman et al., 2011; Madhusudan, 2003; Osborn and Parker, 2002; Rondeau and Bulte, 2007) . China still lacks such compensation or insurance schemes. The Agricultural Insurance Regulations (nongye baoxian tiaoli), conducted on March 1, 2013, argues that it is necessary to regulate agricultural insurance activities, protect the legitimate rights and interests of the parties engaged in agricultural insurance activities, improve farmers' capacity to withstand risks, and promote the healthy development of the agricultural insurance business. However, losses caused by wild boar are not within the scope of current compensation regulations; therefore, it is necessary to enact new compensation and insurance schemes that include damage by wildlife. Furthermore, local governments and farmers both suggest that wild boar should be removed from the list of those species under state protection.
Protection measures for wildlife damage
Because the wild boar issue has only emerged over the last ten years, the farmers have just begun to learn how to protect their crops and livestock through adopting often very simply measures. The farmers have to invest too much time and energy, which exhausts their resources over the long term. Cai et al. (2008) reported the ineffectiveness of most of the methods currently used to protect crops. Therefore, the government should introduce more effective measures and provide technological and financial support for implementation by farmers.
The protection measures taken in this case are similar to cases in other developing countries. Thapa (2010) , for example, listed some means most often used by local respondents to protect their crops at Bardia National Parks, Nepal, which include modern means, such as barbed wire fencing, as well as traditional means, such as biofencing, and he also evaluated the effectiveness of these means. In one case study in India, the most common mitigation measures for crop protection were night watching (46%), fencing (34%), and scare devices (34%) (Karanth et al., 2013) .
Specifically, when using the tent-building method, Cai et al. (2008) found that all sample households spent long amounts of time protecting maize in Shanxi Province, China. Studies from Uganda (Hill, 1997; Naughton-Treves, 1998) , Zambia (Marks, 1976) , Tanzania (Gillingham and Lee, 2003) , and India (Rao et al., 2002) also documented smallholder farmers at risk of wildlife cropdamage who adopted a similar strategy of guarding their farm plots to minimize losses. The majority of households moved out of the village during the high-risks months to live in temporary shelters on their farm-plots to protect their crops. A study by Gillingham and Lee (2003) found that crop fields left unguarded for longer periods of time suffered higher and more severe damage from wildlife than more frequently guarded fields. However, the investment of time and labor required to ensure effective protection against wildlife crop-damage represented considerable losses of opportunity for the farmers.
For scaring devices, use of campfires to repel wildlife during the night was the most common measure taken in Nanda Devi Bioshphere Reserve, India (Rao et al., 2002) . In a case in Ghana, noise, fire, and an on-site caretaker are the preferred measures (Harich et al., 2013) . In Western African national parks, villagers often perform bush burning to deter wild animals (Hough, 1993) .
For planting herbs or tobacco, in a case in Jiangxi Province, China, a number of farmlands have been converted from rice planting to cotton planting, because cotton is more resistant to the damages caused by wild boars (Li et al., 2010a (Li et al., , 2010b . Another study reports that it may also be effective if crops such as trichomatous cereals, which are less attractive to wild boars, are planted close to forests (Schley et al., 2008) . In Africa, one promising approach is the use of deterrents based on chili pepper, such as chili-greased fences (Harich et al., 2013; Osborn and Parker, 2002; Sitati and Walpole, 2006) . For using barbed wire fencing or net wire, the use of wire mesh for excluding animals from crop fields may not be a viable option because of the high cost to farmers in developing countries (P erez and Pacheco, 2006) ; however, cases in Japan show that electric fencing was the most effective countermeasure (Honda et al., 2009; Reidy et al., 2008; Saito et al., 2011; Vidrih and Trdan, 2008) . The use of electric fencing is also considered to be highly effective because of its aversive conditioning abilities.
Cultivated land abandonment and influencing factors
Generally, the main factors influencing protection behaviors include characteristics of non-farm activities, distance to road, land size, and topographic features. At the household level, if there are more females in the agricultural labor force within a household, they are not likely to protect the land plots, as females were found to be more afraid of wild animals than males (Li et al., 2010a (Li et al., , 2010b . Non-farm income can be seen as a reflection of labor migration, to some extent. Generally, more workers migrating for off-farm employment can bring more non-farm income, but it may also lead to a shortage of agricultural labor forces. Cai et al. (2008) found that some households involved in ecotourism began to decrease their crop planting because of heavy damage by wild boars.
At the land plot level, farmers tend to protect the cultivated land plots that are close to roads. Relatively convenient road access gives farmers easier access to their cultivated land plots (Honda and Sugita, 2007; Saito et al., 2011 ) and helps to avoid wild boar damage due to higher population densities, indicating that wild boars avoid human activities. However, some respondents saw wild boars active in residential areas, and during the study period, five people were injured. In poor mountainous areas, cultivated land is the most important natural asset for a household's livelihood, and it is often spread fragmentally with a slight or abrupt slope, always near forest, making it vulnerable to damage by wild boars. Wild boars may prefer to forage in croplands adjacent to the forest, which is their natural habitat. In order to meet the demands of agriculture production and livestock, most land plots that have relatively good or moderate quality and a slight or abrupt slope are cultivated by smallholders.
Based on the econometric results, we have reason to assume that cultivated land use scenarios in the future will increase in opportunity based on the cost of labor force and labor migration. In our previous study, based on available data from 975 households, we found that 650 of these households (accounting for 66.67% of the total sampled households) relied on their main income source from non-farm works, which accounted for greater than 50% of total family income showing households' livelihood relying on non-farm employment (Li et al., 2014) . In addition, remaining farmers are primarily older people and women who have relatively low labor capacity (Li et al., 2014) . Farmers can make choices about whether to protect crops and earning money from agriculture, or to rely on non-farm job opportunities (Hua and Yan, 2015) . With the increase in non-farm employment, labor force shortages, and constant wildlife damage in rural areas, farmers are trending toward giving up protecting crops and are abandoning their cultivated land. Therefore, in order to guarantee local food security, we should further understand farmers' willingness to either protect or abandon the cultivated land. We should also seek to understand which land plots should get preferential protection in the future, and clarify farmers' livelihood transitions, which, as mentioned above, all require long-term observation.
Conclusions and policy implications
Using participatory rural appraisal (PRA), quantitative analysis and a Multilevel Logit regression model, this paper analyzed the land use and livelihoods of 160 households dealing with wild boar damage in four typical villages of Youyang County in the poor mountainous areas of Chongqing, China. The results give some evidence of HWC in China. All of the analysis results show the following: (i) wild boars in Youyang County are responsible for large-scale crop and property damage; (ii) cultivated land abandonment has become a significant trend in land use, and the most important perceived driver for abandoning farmland is the vulnerability of the land plot to damage by wild boars; (iii) when protecting the cultivated land plots, households tend to protect the cultivated land plots that are closer to the road, have larger land area, and have a slight or abrupt slope; however, households may give up protecting the land plots if there is a higher non-farm labor force among them, more female agricultural workers, and higher non-farm income. These findings provide important insights on the relationship between wildlife damage and cultivated land abandonment in a restoring environment context.
Based on our findings, we assert that the government should adjust their current policies related to the wildlife protection, make new policy recommendations for the future, and take necessary top-down protection measures to eliminate the negative effects of wild animals. Ultimately, the government should factor wildlife damage into the revision of the current Agricultural Insurance Regulations and needs to consider (currently unavailable) compensation schemes for wildlife damage.
